It has been suggested that resident houbara bustards are restricted to zones with mean maximum temperatures less than 24°C. This is examined with reference to houbara populations in Saudi Arabia. Summer temperatures were compiled for three areas: the current distribution of resident houbara; the documented former distribution of houbara; and the Mahazat as-Sayd houbara reintroduction site. All three areas had mean maximum temperatures above the postulated limit. Resident houbara bustards in Saudi Arabia tolerate mean summer temperatures of 27 to 38°C. It is likely that vegetative cover is a better predictor of habitat suitability for houbara than ambient temperature.
Introduction
The houbara Chlamydotis macqueenii (Gaucher et al., 1996) is one of the most desertadapted species of bustard (Johnsgard, 1991) . It is distributed in arid and semi-arid areas, from the Middle East to Central Asia (Cramp & Simmons, 1980) . In Saudi Arabia, as in many other parts of the houbara's range, habitat loss to agriculture and over-hunting have reduced the number and distribution of resident houbara populations (Collar, 1980; Cramp & Simmons, 1980; Jennings, 1988) . The limits of the former distribution of the houbara in Saudi Arabia are not known precisely. Cryptic and occurring at low densities, houbara were recorded only infrequently by European travellers earlier in this century. Through such accounts it has been possible to confirm that houbara once bred in the north and east of Saudi Arabia (Collar, 1980; Jennings, 1988; Bundy et al., 1989) , and possibly over large areas of the central region (Meinertzhagen, 1954; Cramp & Simmons, 1980) (Fig. 1) . The relatively recent demise of resident populations means that it is still possible to obtain first-hand accounts of houbara distribution. This oral record, though sometimes of uncertain reliability, is currently being compiled by Saudi Arabia's National Commission for Wildlife Conservation and Development (NCWCD). Today resident houbara in Saudi Arabia are restricted to a single population in rugged terrain in the far north (Seddon & van Heezik, 1996) , and a reintroduced population in the Mahazat as-Sayd Protected Area.
One of the core projects of the NCWCD has been the restoration of resident houbara populations in Saudi Arabia through a co-ordinated programme of habitat protection, captive breeding and reintroduction (Seddon et al., 1995) . The first reintroduction site for houbara is the c. 2200 km 2 Mahazat as-Sayd Protected Area (Fig. 1) , within which oral tradition records breeding by houbara as recently as 40 years ago.
It has been suggested that resident houbara are restricted to zones with a mean maximum temperature of 24°C or less (Mian et al., 1988) . In a recent publication, Combreau & Smith (1997) point out that mean summer temperatures at the Mahazat as-Sayd reintroduction site are above this postulated limit and that survival and residency of released houbara will depend on the ability of the birds to cope with relatively severe summer conditions. Although this idea of an ambient temperature (after Jennings, 1988) ; area B (medium shading): documented former (pre-1954) distribution of resident houbara bustards, based on records from early European travellers (after Jennings, 1988) ; area C1: occasional breeding by houbara bustards recorded in recent years (after Jennings, 1995) ; area C2: approximate zone in which migrant houbara bustards have been recorded (after Felemban & Al Salamah, 1996) and oral and other records suggest the former presence of resident houbara bustard populations. The dark shaded area in Oman indicates the approximate location of the most southern resident houbara bustard population in the Arabian Peninsula (after Porter et al., 1996) . restriction on houbara distribution is not reflected in the published literature (e.g. Cramp & Simmons, 1980; Johnsgard, 1991; Collar, 1996) the suggestion is an intriguing one with implications both for the future of the Mahazat as-Sayd programme and for the selection of new reintroduction sites for houbara.
Here summer ambient temperatures within the known distribution of resident houbara bustards in Saudi Arabia are examined and compared with summer temperatures recorded in Mahazat as-Sayd to determine whether Mahazat as-Sayd's mean summer temperatures are above those levels tolerated by resident houbara.
Methods
Summer ambient temperatures are compared for three areas in Saudi Arabia: current distribution of resident houbara; the former houbara breeding distribution; and the Mahazat as-Sayd reintroduction site (Fig. 1) . The limits of current and former documented houbara distribution are taken from Jennings (1988 Jennings ( , 1995 . Former distribution is based only on written accounts by European travellers. Houbara are known to be present year-round in their current distribution zone (Seddon & van Heezik, 1996) ; similar residency is assumed for their former distribution also.
Ambient temperature records have been obtained from four meteorological stations bracketing the current northern houbara area, and for seven stations encompassing the former distribution (Fig. 1) . National temperature records are compiled by Saudi Arabia's Meteorological and Environmental Protection Administration (MEPA). Those presented here are 9-year means for the period 1985 -1993 . Accurate temperature records have been kept in Mahazat as-Sayd since 1990 and are presented as a 7-year mean for the period 1990-1996 (National Wildlife Research Center, unpublished data).
In Saudi Arabia the hottest months are June, July and August and the 'summer' temperatures presented here comprise records for these months. Three measures of summer temperature are compared among sites: mean maximum, absolute maximum (single highest ambient temperature ever recorded), and upper and lower limits of monthly means.
Results and discussion
There was no difference in mean maximum, absolute maximum or either lower or upper limits of the mean summer ambient temperature between the current houbara distribution (site ranges for the above parameters, respectively: 34·0-39·9; 44·4-47·7; 27·1-33·5°C), former distribution (site ranges: 38·3-44·1; 43·0-50·3; 30·7-37·7°C), and the reintroduction site at Mahazat as-Sayd (inter-annual variation in above parameters: 39·6-40·6; 46·0; 32·6-33·0°C) (Fig. 2) . All sites had mean maximum, absolute maximum and mean summer temperatures well above the 24°C limit suggested by Mian et al. (1988) . It can therefore be concluded that resident houbara bustards in Saudi Arabia are not restricted to localities that have mean summer temperatures below 24°C and that houbara reintroduced into Mahazat as-Sayd should not be constrained by high summer temperatures. In fact, resident houbara can tolerate a mean summer temperature range of 27 to 38°C, a further indication of the bird's extraordinary adaptation to hot environments. This finding is supported by two further pieces of evidence. The most southern resident population of houbara breeds on the Jiddat-al-Harasis in Oman, where the mean maximum June temperature is 43°C, and temperatures may reach 48°C (Stanley Price, 1989) . Second, following the release of captive-bred houbara, Mahazat as-Sayd now has an established resident houbara population of over 30 birds (van Heezik & Maloney, 1997) and breeding activity (male displays, eggs, chicks, and fledglings) have been recorded over the last 3 years (Gelinaud et al., 1997; Seddon & Maloney, 1997) .
Only two sites in Saudi Arabia have mean summer temperatures below 24°C; these are Abha (22·5-23·1°C) and Khamis Mushait (23·5-24·0°C). These sites lie in the Asir mountain range in south-west Saudi Arabia (Fig. 1), at 2093 m a.s.l. and 2056 m  a. s.l., respectively, and topographically are not considered to be houbara habitat (Cramp & Simmons, 1980; Collar, 1996) .
Though not specifically examined here, a second assertion by Mian et al. (1988) , that residency may also be limited by ambient temperatures below 4°C, is also unsupported by evidence from Saudi Arabia. In Harrat al-Harrah, site of possibly the last original wild resident breeding population of houbara in Saudi Arabia, winter temperatures may drop as low as -8°C and snowfall is not uncommon each winter.
It remains possible that it is not ambient temperature extremes, but temperatures experienced during the winter/spring breeding period that may limit reproductive output within a given site (Saint Jalme, unpubl. data). Rather than ambient temperature, it is more probable that rainfall and associated vegetative cover are better predictors of habitat suitability for houbara (Collar, 1996; Combreau & Smith, 1997) . Amount and timing of rainfall is likely to be a defining factor through its effect on the perennial vegetation necessary to sustain resident birds throughout summer (Seddon & van Heezik, 1996; Combreau & Smith, 1997) , and also for the spring flush of ephemeral plants and the associated invertebrates needed to support reproductive attempts (Collar, 1996) . Habitat degradation, particularly through over-grazing by domestic livestock, will reduce the cover and diversity of palatable plant species and the shade these provide and, along with reductions in invertebrate biomass, may make otherwise suitable sites uninhabitable for houbara bustards. Following protection of the Mahazat as-Sayd reserve there has been a remarkable recovery of vegetation from a severely over-grazed state to the relatively rich conditions documented by Combreau & Smith (1997) . Such regeneration provides encouragement that other degraded areas in Saudi Arabia can similarly be restored to a state where they can once again sustain and support native wildlife.
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